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MarxaH nacTb pp B3aHMO,zieHCTBHH paccMaTpiiBaeTCH b paMKax cpeHOMeHOJiorn- 
t- I hcckoh mo«™ c o6pa30BaHHeM HBexHbxx cxpyn. B npe^o—, hxo a—- 

TapHoe CTOJiKHOBeHHe peajiH3yeTca KaK B3anMOfleftcTBHe flByx HBeTOBbix /innojieH 
fljia cpHKcainni napaMeTpoB Mo^ejiH oiieHHBaeTCH nojiHoe Heynpyroe cenemie h mho- 
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jKecTBeHHOCTb 3apHJKeHHBix HacTiin,. Oco6oe BHHMarae yflejiaeTca MOflejiiipoBaHHio 
Heo6xo^HMbix pjw oniicaHHH KoppejiHii,HH 3KCKjiio3HBHbix napTOHHbix pacnpeflejie- 
hhh c yneTOM 3aKOHa coxpaHeHHH 3HeprHH h (pHKcanHH iieHTpa Mace. Pa3pa6oTaH 

ajiropHTM CJIHHHHH CTpyH B nonepeHHOH HJIOCKOCTH, yHHTblBaiOIIIHH HX KOHeHHyiO 

npoTHJKeHHOCTb no 6bicTpoTe. B paMKax 3Toro MexaHH3Ma HaftfleHO bjihhhhc sd> 

(peKTOB CJIHHHHH CTpyH Ha flajIbHHe KOppejIHIIHH. 



^ ■ 1. BBE^EHHE 

B HacTOHiiiee BpeMs npoBOflHTca sKcnepHMeHTBi no H3yHeHHK> cTOJiKHOBeHHH a^poHOB 
h Ta>KejiBix hohob Ha Kojijiafl^epe LHC (D,EPH) npn cBepxBBicc-KHx 3HeprH5ix. rio^aBjiaio- 
in;ee GojiBiHHHCTBo lacnm, pojK^aroiiiHxca: b TaKHx cto jiKHOBeimsix , npHHa^;jie>KaT k MarKc-ft 
cocTaBjiaromeii cneKTpa, He onHCBiBaeMoft b paMKax TeopHH B03MyineHHH KBaHTOBOH xpo- 
MOflHHaMHKH (KX,U,), noaTOMy HcnojiB3yioTC3 nojiycpeHOMeHOJiorHHecKHe Mo^ejin. 

O^hoh H3 TaKHx MCflejieft, npHMeHaeMofl ^jih onncaHHsi MarKoft cocTaBjiHiomeH a^poHHbix 

H H^epHBIX B3aHMO^eHCTBHH npH BBICOKHX 3HeprH5IX, 5lBJI5ieTC5l MOflfiJlb KBapK-rjHOOHHBIX 
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CTpyH [1, 2], Be^ryrnaa: CBoe nponcxoJK^eHHe ot pe^JKeBCKoro noflxofla. B stoh Mo^ejiH npn 
B3aHMo^eiicTBHH a^poHOB Ha nepBOM 3Tane cpopMnpyioTCH npoTSDKeHHBie oGteKTBi - KBapK- 
rjiiooHHbie cTpyHbi. 06pa3OBaHHe Ha6jno^;aeMbix a^poHOB nponcxo^HT Ha btopom 3Tane b 
npon,ecce (pparMeHTauiiH sthx CTpyH. IIocKOJiBKy KBapK-rjuooHHan cTpyHa jibjihctch npo- 

THJKeHHBIM o6b.eKTOM, ^aiOIHHM npH (pparMeHTaHHH BKJiafl B IHHpOKHH HHTepBajI 6bICTpOT, 

fljis H3yneHHJi cbohctb nBeTHBix CTpyH (b tom HHCJie bo3mo>khocth hx cjihhhhh) GbiJio npe^i,- 
jioaceHo HcnojiB30BaTB Tax Ha3BiBaeMBie ^ajiBHHe KoppejiHHHH, cooTBeTCTByrouxHe BBi6opy 

Ha6jHO^aeMBIX H3 pa3JIHHHBIX 6BICTpOTHBIX OKOH, pa3^ejieHHBIX ^OCTaTOHHO Gojibhihm HH- 

TepBajioM Gbictpot. 3th ^ajiBHHe KoppejiflHHH b HacTonmee BpeMH hbjihiotch o^hhm H3 
rjiaBHBix oGteKTOB Hccjie^oBaHHH KOJiJieKTHBa ALICE/CII6ry, npn stom Be^yTcsi kbr 3kc- 
nepHMeHTajiBHBie, Tax h TeopeTHnecKHe Hccjie,n;oBaHH5i [3]. 

TeopeTHHecKoe H3yneHHe ^ajiBHHx KoppejiHHHH Be,n;eTC5i c noMoinBio MeTo^a MoHTe- 
Kapjio [4, 5], pa3pa6oTaHBi ajiropHTMBi [6], onHCBiBarorrrHe npoTOH-npoTOHHBie ctojikhob6hhh 
b paMKax KOHuennHH 6e cxoHe hhbix no 6bicTpoTe CTpyH. OflHaKo, rjiz 6ojiee KoppeKTHoro 
onHcaHHH TaKHx xapaKTepncTHK, Kax KoppejiHn;HH, cyru;ecTBeHHo, b nacTHocTH, Mo^ejinpo- 
BaTB 3KCKjno3HBHBie napTOHHBie pacnpe,nejieHHH, Taioice Kax h ocoGchhocth o6pa30BaHHH 

HBeTHBIX CTpyH, B TOM HHCJie CJIHHHHH B HOIiepeHHOH IUIOCKOCTH [7, 8] . B CBH3H C 9THM H,ejIBK> 

HacTOHrneii paGoTBi HBjiHeTCH Mo^ejinpoBaHHe 3kckjho3hbhbix napTOHHBix pacnpe^ejieHHii, 
a TaKJKe nccjie^oBaHHe npoTOH-npoTOHHBix ctojikhob6hhh b paMKax Mo^ejin, yHHTBiBaiorneH 
KOHeHHyio flJiHHy no 6bicTpoTe h acpcpeKTBi cjihhhhh KBapK-rjnoHHBix CTpyH. 

2. 3KCKJII03HBHBIE nAPTOHHBIE PACnPE^EJIEHHH 
fl,jia nocTpoeHHH 3KCKjno3HBHoro napTOHoro pacnpe,n;ejieHH5i no ^ojihm HMnyjibca mm hc- 

XOflHM H3 TOrO, HTO He3aBHCHMOCTB napTOHOB orpaHHHeHa TOJIBKO BBinOJIHeHHeM 3aKOHa 

coxpaHeHHH SHeprnn-HMnyjiBca, cjie^oBaTejiBHO oho HMeeT <paKTopH30BaHHBin bh^ [9]: 

N 

F E (x 1 ,x 2 , ...,x N ) = pi{x 1 )p 2 (x 2 ) ■ ... • Pn(xn) ■ fi(5^; x j - !)■ (!) 

j'=i 
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PlHKJIK)3HBHbie CTpyKTypHbie (pyHKHHH HMeiOT BHfl [10, 11]: 

fu(x) = U(x) = C u , n aT*(l - (2) 
fd(x) = h(x) = C d , n - x)l +n , (3) 

fud(x) = C ud , n -x)~% +n , (4) 

fuu(x) = C UU)H X§(1 - X)~t +n . (5) 

ripn 3tom npe^nojiaraeTCH, hto MopcKiie KBapKH h aHTHKBapKH hmciot Taxoe ace hhkjho- 
3HBHoe pacnpe^ejieHne, hto h BajieHTHBie KBapKii. B 2/3 coGmthh ^HKBapx HMeeT kohcph- 
rypanino ud, b 1/3 - uu. 

CooTBeTCTByiomee 3KCKjno3HBHoe paciipe^ejieHne ,zyiH npoH3BOJibHoro HHCJia KBapK- 
aHTHKBapKOBbix nap HMeeT bh^: 

N-l N 

p(x u ...x N ) = c H x]* x a N N 5(J2xi - 1). (6) 
j=l 1=1 

r^e BajieHTHbiii KBapx HMeeT HOMep N-l, ^HKBapx - N, a ocTajibHbie HOMepa npHHa^jieacaT 

MOpCKHM KBapKaM H aHTHKBapKaM. OiN = 3/2 (ud-^HKBapK), OL TV = 5/2 (uu-^HKBapK) , 

fl^jia. reHepanHH cjiyHaifflbix bcjikhkh (6) c yneTOM ^ejibra-cpyHKHHH Heo6xo^HMo npHMe- 
H3TB oco6bie MeTOflH. O^hhm H3 HanGojiee o6m;eynoTpe6HMbrx h yHHBepcajiBHBix HBjiaeTCH 
MeTo,n; HeftMana [12], o^HaKo oh HestpcpeKTHBeH npn Gojibbiom nucjie nepeMeHHbix. 5Ibhbih 
bh,h; pacnpe^ejieHHH no3BOJineT 3HaHHTejiBHo noBbiciiTb scptpeKTiiBHocTB reHepanrm. C^ejia- 
eM 3aMeHy Xj = y^,j = 1, ... N — 1. Tor^a BbipajKeHiie (6) rjik hjiothocth pacnpe^ejiemiH 
npHMeT 6ojiee npocToft bh^: 

N-l 

p(yi, -,yN-i,x N ) = ci • x N aN ■ 5(^2 Vi ~ 1 + x n)- 

i=i 

IIpoH3Be,neM euxe o^Hy 3aMeHy: yi = Ziy/1 — Xn, i — 1, ... N — 1. Tor,n;a 

N-l 

p(z u z N - U x N ) = c 2 ■ x N a "(l - x N y N - 3 ^ 2 ■ 5(J2 A - !)■ (7) 

i=i 

,U,aHHaa: cpopMyjia o3HanaeT, hto x^ no^HHHHeTca 6eTa-pacnpe,nejieHHio, a Zj pacnpe^e- 
jieHbi paBHOMepHo Ha e^HHHHHoft ccpepe. IlycTb £i...£zv-i ~ cTaH^apTHbie HopMajibHO pac- 
npe^ejieHHbie cjiynaftHbie BejiHHHHbi, a £/v - paBHOMepHo paciipe^ejieHa Ha oTpe3Ke (0, 1). 
Tor^a x N = I XN (a N + 1, ^ + 1), x { = j^— ■ (1 - x N ) 6y^yT y^oBjieTBopHTb ncxoflHOMy 

e e 3 

3 = 1 
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pacnpe^ejieHHio. OrmcaHHBiii MeTOfl no3BOJiHeT ocymecTBjiHTB reHepauiiio ^ojieii HMnyjiBcoB 
KBapKOB 3a BpeMH, jiHHeflHO pacTymee npn yBejiFraeHHH N. 

,U,jih napTOHHoii iijiothocth b njiocKocTH npHn;ejiBHoro napaMeTpa mbi ncnojiB3yeM rayc- 
cobo pacnpe^ejieHHe [6]: 

p(x,y) = — e ^, (8) 
7rr 

riapaMeTp r cBH3aH co cpe^HeKBa^paTHHHBiM pa^nycoM npoTOHa: < r 2 N >= |tq. 

JXjik nocTpoeHHH 3KCKjiio3HBHoro pacnpe^ejieHHH Heo6xo^HMo ynecTB 3aKOH coxpaHeHHH 
MOMeHTa, hto b HanieM cjiynae o3HanaeT (pHKcairnio rjeHTpa Mace Bcex napTOHOB: 

N 

J2r r E,=0. (9) 

i=i 

IlpH yjIBTpapejIHTHBHCTCKHX SHeprHHX Ej ~ \pj I ~ p z j (9) SKBHBajieHTHO 

N 

J2r r x J = 0, (10) 

3=1 

B HTore, 3KCKjiK)3HBHoe pacnpe^ejieHne Koop^HHaT napTOHOB b njiocKocTH npimejiBHoro 
napaMeTpa ^ojijkho ynoBjieTBopHTB cne,nyioin;HM Tpe6oBaHHHM: 

N 

1. D,eHTp Mace napTOHOB iiokohtcji , ^2 fj ■ Xj — BBinojiHeHo b KascflOM co6bithh. 

2. PlHKjiio3HBHoe pacnpe^ejiemie Kaacfloro napTOHa hbjihctch rayccoBBiM. 

N 

3. HopMHpoBKa: < r 2 >=< r, 2 >= r 2 . 

i=i 

reHepairns Koop^HHaT napTOHOB b iijiockocth npim,ejiBHoro napaMeTpa nponcxcfliiT cjie- 
,zryioiu;HM o6pa30M: 

1. OopMiipyeTCH 2N H63aBiiciiMBix cTaH^apTHBix rayccoBBix BejiimiiH ^i, ... £,N,Vii ■■■ Vn 

N N 

2. Bbihhcjihiotch Koop,n;HHaTbi ueHTpa Mace: x nM . = x jiji Y nM — Yl x i r lji 

3=1 ' ' 3=1 

3. ripoH3BO^HTCsi cflBiir: ii = & - x„. M ., fji = r}i- y n M , 

4. MacniTaGnpoBaHHe c iioctohhhbim Kosc^cpHuneHTOM: Xj = £j/a, y i = fji/a 
nojiyneHHBie bgjihihhbi (x^ yj hbjihiotcs Koop^HHaTaMH napTOHOB. 
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O ct&hobhmcsi no,npo6Hee Ha BbiHHCJieHHH BejiHHHHBi a (KOHCTaHTbi, 3aBHCHiHeH tojibko ot 

KOJIHHeCTBa napTOHOB H THna ^HKBapKa) H3 yCJIOBHH HOpMHpOBKH . Koop^HHaTbl flJIS KBapKa 

h fljia ^HKBapxa MacniTa6npoBaHH}i 3a,naioTCH cjieflyiomHM o6pa30M: 

N-l 

ij = (1 - Xj)£j - x N £ N - x & , J = 1,2,... N -1 (11) 

i=l,i¥=j 

N-l 

|jv = (1 - x N )£ N - Y x & ( 12 ) 

1=1 

IIo^cHHTaeM ^HcnepcHH, yHHTbiBaa He3aBiiciiMocTB BejiHHHH £j h a^: 

Di q = < (1 - :r 9 ) 2 > + < > +(N -2)<x 2 q > (13) 
£>f M = < (1 - x qq f > +(N -l)<x 2 q > (14) 

YpaBHeHHe ,zyiH Haxoac^eHnji a HMeeT bh,h 

N-a 2 = (N- l)D( q + D( qq . (15) 

Bbipa>KeHHH b yrjioBbix CKo6Kax (13)-(14) ycpe^HHioTCJi c iiomoihbk) hhkjho3hbhbix pac- 
npe^ejieHHii (2)- (5). OKOHnaTejiBHo: 

2 (2n- l)(n 2 + 6n + 12) 2 (2n - l)(n 2 + 8n + 24) 

aud ~ 2n(n + 2)(n + 3) ' ° uu ~ 2n(n + 3)(n + 4) ' ( } 

3^;ecb a U( i o6o3HaHeHa BejiHHHHa a fljia KOHcpnrypairHH ^HKBapxa wd, a uu - KOHcpHry- 
pan,HH ^HKBapxa uu. 

3. OI1HCAHHE MO^EJIH 

3. 1 . IfseTHbie flnnojiH 

JXjik (popMyjinpoBKH Mo^ejin Heynpyrnx npoTOH-npoTOHHbix ctojikhobchiih mm npefl- 
nojiaraeM, hto sjieMeHTapHoe cTojiKHOBeHHe napTOHOB peajiH3yeTCH xax B3aHMo^eflcTBHe 
RByx ubctobmx ^Hnojieft, coctohuxhx H3 BajieHTHoro KBapxa h ^HKBapxa, jih6o H3 KBapK- 
aHTHKBapKOBofl napti. AMnjiHTyn;a BeposiTHocTH B3aHMo,neHCTBHH ^Byx ^nnojieii c Koop^n- 
HaTaMH (rifty h (r^r^) b hjiockocth npHHejitHoro napaMeTpa HMeeT cjie,nyioiiiHH bh^ [13]: 

/ = (17) 
8 (n - r 4 ) 2 (r 2 - r 3 ) 2 
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B paMKax npnGjiHJKeHHJi sftKOHajia BepoHTHocTb B3aHMo^eiicTBHJi ppyx ^nnojieii 

Pij = l-e- fi *. (18) 

-Ufa 

IIojiHaa BepoHTOHCTb Heynpyroro B3aHMO,neHCTBH5i ppyx npoTOHOB p = 1 — e 1J , r,n;e cyM- 
MnpoBaHHe Be^eTCH no BceM ^iino jihm . BejiHHHHa as imeeT cmbicji scpcpeKTHBHoii KOHCTaH- 
tbi B3aHMo^eflcTBHH, h ee BejiHHHHa Hcnojib3yeTCH Kax no^roHOHHbiii napaMeTp ,zyiH Gojiee 
npaBHjiBHoro oiiHcaHHa 9KcnepHM6HTajiBHBix ^aHHBix, npiineM npe^nojiaraeTca, hto OHa He 
3aBHCHT hh ot sHeprnn, hh ot KojinnecTBa KBapK-aHTHKBapKOBBix nap b npoTOHe. 

BjiHHHHe KOHcpafifflvieHTa MoaceT 6bitb yHTeHo cjieflyiomHM o6pa30M [13, 14]: 3aMeHHTB 
KyjioHOBCKHli nponaraTop A(r) = J j0^^j?-, KOTopbift nojiynaeTca: H3 (17), Ha cooTBeTCTBy- 
iouihh nponaraTop K)KaBBi: k2 + M 2 , rjie M = l/r max - xapaKTepHbift MacniTaG KOHcpaftHMeH- 
Ta. Tor^a cpopMyjia (17) npHMeT bh^: 

„2 



K [^^ ) + K )-K \-kJ^-^ 



J 2 

CorjiacHo ou,eHKaM [15] oTHonieHHe KBa^paTOB pa^nycoB npoTOHa h a,n;poHa ^ojijkhbi 6bitb 
nops^Ka ^. B stom cjiynae r max ~ 0.2 - 0.3cpM. IIocKOjiBKy npn r < r max K (r/r max ) ~ 
— ln(r/(2r mox )), to b stom npe^ejiBHOM cjiynae mm cHOBa B03Bpam;aeMCH k hcxo^hoh cpop- 
Myjie (17). IlpH r ^> r max Mo^ncpHi^HpoBaHHasi (pyHKHira Beccejin Be^eT ceGa cjieflyioriiHM 
o6pa30M: 

\ 1 max / V ' 

hto o6ecneHHBaeT SKcnoHeHHHajibHoe na^eHHe BepoHTHOCTH ctojikhob6hhsi flByx npoTOHOB 
npn 6ojibhiom npHn;ejibHOM napaivreTpe. 



3.2. BbiHHCJieHHe Hadjiio/jaeMbix BejiiiHiiH 

BepoHTHOCTH CTOJiKHOBeHHH ^Hnojieii, nojiyHeHHbie paHee, Hcnojib3yiOTC5i rjiz nocTpoe- 
HH3 MaTpnubi CTOJiKHOBemiH. KaJK^biii ^nnojib mojkct B3aHMO,neHCTBOBaTb tojibko c o^hhm 
^pyrHM ^nnojieM, nosTOMy 3anojiHeHHe MaTpnubi ctojikhob6hhh h aiHH aeT csi c BajieHTHbix 
^nnojieii. 

CjieflyiomHM 3TanoM HBjiHeTCH reHepainiH cTpyH b npocTpaHCTBe GbicTpoTbi. BejiHHHHbi 

VminiVraax (kOHHBI CTpyHbl) Onpe^ejIHIOTCJI H3 KHHeMaTHHeCKOrO yCJIOBHS pacna^a CTpyHBI 

TOJibKo Ha ,n;Be HacTHH,bi co cpe^HHM p t = 0.3GeV h MaccaMH m n = 0.15GeV (flJifl nnoHa - 
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ecjin Ha KOHue CTpyHBi KBapx hjih aHTHKBappc) hjih m p = 0.94GeV (flJifl HyxjioHa - ecjin Ha 
KOHne CTpyHbi ^HKBapK). Cjihihkom KopoTKHe CTpyHbi ncKjnonaTcs H3 paccMOTpeHHH Tpe- 
6oBaHHeM, hto6bi cyMMa Mace poac^eHHBix nacTnn, GBijia MeHBHie, neM Macca cTpyHBi, T.e. 
^/sxaXb, r^;e %b ~ Aojih HMnyjiBca napTOHOB Ha KOHijax CTpyHBi. HonepenHBie Koop^HHa- 
tbi neHTpa CTpyHBi nojiaraiOTCH paBHBiMH cpe/XHeMy apncpMeTnnecKOMy cooTBeTCTByionriix 
Koop^HHaT napTOHOB Ha ee Komjax. 

JXjik BBiHHCJieHHH pacnpe,n;ejieHHH MHoxcecTBeHHocTH h cpe/XHero nonepenHoro HMnyjibca 
no GBicTpoTe npe/xnojiaraeTCH, hto MHOJKecTBeHHOCTB (/x ) n cpe/XHHH nonepenHBin HMnyjiBC 
(po) ot o/xhoh CTpyHBi (pHKcnpoBaHbi h He 3aBHCST hh ot SHeprnn, hh ot jxpyrnx napaMeT- 
poB Mo^ejin. Ilpn GojiBnieM KOJinnecTBe CTpyH ohh HannHaioT nepeKpBmaTBCH b hjiockocth 
npnn;ejiBHoro napaivieTpa, hto npHBO/XHT k Heo6xojxHMOCTH yneTa nx B3aHMO^encTBHJi, hto 
MoaceT GbiTb BBinojmeHO b Mo^ejin, yHHTBiBaiornen scpcpeKTBi cjihhhhji CTpyH [7]. 

,H,jih HaxojK^eHHH MHOJKecTBeHHOCTH h cpe/XHero nonepenHoro HMnyjiBca, c yneTOM 

3(p(peKTa CJIH5IHH3 HBeTHBIX CTpyH 6BIJI HCnOJIB30BaH BapnaHT C JIOKajIBHBIM CJIHHHHeM 

(overlaps) b paMKax jxHCKpeTHoii Mo^ejin, npe^jioaceHHon b [16-18]. B stom cjiynae corjiac- 
ho [7] npe,n;nojiaraeTca, hto cpe/XHJiii MHoxcecTBeHHocTB Ha e/XHHHiry 6bictpotbi h cpe/THnn 
nonepenHBiii HMnyjiBC 3apH>KeHHBix nacTHii;, H3JiyneHHBix H3 oGjiacTH nepepcpBiTHH k CTpyH, 
onncBiBaiOTCJi cjie/xyioiUHMH BBipaJKeHHHMn: 



3^ecB Sk - nonepenHaH njioma/XB oGjiacTH, rjj;e npon3onijio nepexpBiTHe k hbcthbix CTpyH, o"o 
- nonepenHaH njioina/XB CTpyHBi, fi wp - cpe/XHJiH MHoacecTBeHHOCTB Ha e/XHHHiry Gbictpotbi 
h cpe/THnn nonepenHBiii HMnyjiBC 3apn:sceHHBrx naomii;, Kor^a ohh poac^aiOTCH ot pacna^a 
ojthhohhoh CTpyHBi. B jrncKpeTHOH MOflejiH nonepenHaa njiocxocTB 3aMeHHeTCH penieTKoii c 
njioina/TBio jmenKH, paBHon njioina/TH CTpyHBi, n CTpyHBi cnnTaiOTCH cjihbhihmhch, ecjin hx 
itchtpbi nona^aiOT b o/THy n Ty ace anefiKy Ja\jis yneTa KOHeHHoft ^jihhbi CTpyH Kaac^aa HHeft- 
Ka ^ejiHTCH Ha HHTepBajiBi no GbicTpoTe Tax, htoGbi kojihhcctbo CTpyH b Kaxc^oM HHTepBajie 

6BIJIO nOCTOHHHBIM. IloCJie 3TOTO paCHeTBI npOH3BO^JITC}I C ^OnOJIHHTejIBHBIM CyMMHpOBaHH- 

eM no BceM 6bictpothbim HHTepBajiaM. 

JXflK BBIHHCJieHHH nil H p t 7l KOppejIHHHOHHBIX (pyHKHHH flJIH ^ajIBHHX (c pa3HeCeHHBIMH 

no GbicTpoTe oKHaMH F h B) ncnojiB3yeTC5i MeTo/j; [4, 6], b kotopom fljra KajK^oii cTpyHHofi 
KOH(pnrypaii;HH, T.e. fljia KaJKiTpro co6bithh, creHepnpoBaHHoro mcto^om MoHTe-Kapjio, bbi- 





(20) 
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HucjiaeTca cpe^HHJi MHoacecTBeHHOCTb n cpe^Hiifl nonepenHbift HMnyjibc c nocjie^yiorixiiM 
ycpe^HeHiieM no BceM KOHcbnrypannjiM: 

E<"(C) (n„) c Pc(n F ) 

= ° Eu,(C)f c („ F ) ■ (21) 

c 

X>(c) ( P 2 tB )c PcM 

{p2tB)nF = Y,w(C)P c (n F ) ' (22) 

c 

r^;e w(C) - BepoHTHocTb peajiH3annn KOH(pnrypan;HH C. B KanecTBe BepoHTHocTH Pc(uf) 
HMeTb MHoacecTBeHHocTb np b nepe^HeM okh6 npii ^aHHoii KOHcbnrypannn, xax h b pa6oTax 
[4, 6], Hcnojib3yeTca pacupe^ejieHiie IlyaccoHa co cpe^HiiM 3HaneHneM, paBHBiM (n F ) C - 
IIojiHoe Heynpyroe ceneHne b ^aHHoii paGoTe BbinncjisieTCH ^ByMa cnoco6aMH: 

^(1) = . (23) 

^ * sim 

° m = #^ " « 2 , (24) 

r^;e a 2 - njioina^b oGjiacTii b njiocKocTH npnn,ejibHoro napaMeTpa, b KOTopon reHepiipyioTCJi 
npoTOHbi. BTopofi cnocoG npe^cTaBjineT coGoii oGbihhbih MeTOfl b MoHTe-KapjioBCKiix cn- 
MyjismHflx, b to BpeMH KaK nepBBiii HBjiaeTCH cjie^cTBiieM Mo,n;ejiii nBeTOBbix ^rnnojien. 06e 
cpopMyjibi ^aioT o^iih ii tot >Ke pe3yjibraT, o^HaKo nepBbiii cnocoG HBjineTCH Gojiee tohhbim. 



4. MOHTE-KAPJIOBCKHH AJirOPHTM 

Mo^ejiiipoBaHiie nponecca pp cTOJiKHOBeHiiH HannHaeTCH c reHepannn Koop^iiHaT ta^b 
neHTpoB npoTOHOB b njiocKocTH npnn,ejibHoro napaMeTpa c paBHOMepHbiM pacnpe^ejieHneM 
b KBa^paTe njioina^bio a 2 (minimum-bias cnMyjiHirnn) , npnneM BejinnnHa a Bbi6npaeTC5i 
MHoro Gojibnie, neM xapaKrepHbin pa^nyc B3anMo^encTBnsi npoTOHOB, Tax htoGbi npn ee 
^ajibHennieM yBejinneHnn pe3yjiBTaTbi ot Hee He 3aBncejin. 

,Hajiee reHepnpyioTCH nncjio ^nnojieit fljia Kaac^oro npoTOHa (mi, mg) corjiacHO pacnpe- 
^ejieHHio riyaccoHa c napaMeTpoM A; cjiynaii m = oTGpacbmaeTCJi, nocKOJibxy ^nnojib H3 
BajieHTHBix ^HKBapxa n KBapxa o6H3aTejibHo ^ojiaceH npncyTCTBOBaTb. KojinnecTBo napTo- 
hob (N) npnHHMaeTCH paBHBiM y^BoeHHOMy nncjiy ^nnojieii. ^HKBapxy npnnncbiBaeTCH Tnn 

UU C BepOHTHOCTBIO 1/3 HJIH ud - C BepOJITHOCTbK) 2/3. 
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3aTeM reHepnpyioTCJi ^ojih HMnyjibca napTOHOB (6) h nonepeHHbie Koop^HHaTbi. Ilapa- 

MeTp r BbiGnpaeTCH paBHbiM 0.51cpM, hcxo^h H3 cpe^HeKBa^paTHHHoro pa^nyca npoTOHa 

tn = 0.63cpM. H3 nap KBapK- aHTHKBapK h KBapK-^HKBapx cTpoHTCH Ha6op ^Hnojieft rjik 

Ka>K^;oro npoTOHa h reHepnpyeTCH MaTpnua B3aHMo,neHCTBHH c noMombio BepoHTHocTeii (18, 

-Ufa 

19). BbiHHCjuieTCH nojiHan BeposiTHocTB B3aHMO,n;eHCTBHfl p = 1 — e 13 , KOTopaa ncnojib- 
3yeTca fljiH no^cHeTa ce Hernia. 

IIo MaTpnue CTOjiKHOBemiH ctpohtch Ha6op CTpyH, h c iicnojib30BaHiieM ^HCKpeTHoro 
ajiropHTMa cjihhhhh npoH3Bo,HHTCH BBiiiicjieHiie pacnpe,n;ejieHHH MHoacecTBeHHocTH h cpefl- 
Hero nonepeHHoro HMnyjibca no GbicTpoTe, no kotopbim paccHHTbreaiOTCH BejinnnHBi ^ajib- 
hhx KoppejiHHHH, a Taxace cpe^HHH MHOJKecTBeHHOCTb h cpe^HHfl nonepeHHbiii HMnyjiBC ,zyiH 
3a^;aHHBix Gbictpothbix okoh. 



5. nPOL[E^yPA OHKCAIJHH IIAPAMETPOB 

Poct MHoxcecTBeHHocTH h ceneHHH b ^aHHoii Mo^ejiH oGecnenHBaeTCH 3a ci6T yBejinne- 
hhs KOJiH^ecTBa KBapK- aHTHKBapKOBBix nap (napaivieTpa A). BejiHHHHa A cpHKcnpyeTCH H3 
SKcnepHMeHTajiBHBix ^aHHBix no nojiHOMy HeynpyroMy ceHemuo [19]: 

crj(s) = 32.08 - 1.574 • ln(s) + 0.6622 • ln 2 (s). (25) 

B CBH3H c TeM, hto pacneT ceneHHH b paMKax ^aHHoii Mo^ejin npn 3a^;aHHOM A He Hcnojib3yeT 
BejiHHHHy SHeprHH, CHMyjiHHHH npoBOflHTCH b ^Ba 3Tana: Ha nepBOM ycTaHaBjiHBaeTCH cbh3b 
a*™ h A, a Ha btopom fljia 3a,naHHOH sHeprHH onpe^ejiHeTCH A c Hcnojib30BaHHeM cpHTa (25) 
h npoBo^HTCH ocTajiBHe pacneTbi. 

BejIHHHHbl Ho H po CpHKCHpyiOTCH B O^HOH TOHKe npH HH3KOH SHepFHH. 

3KcnepHMeHTajibHbie ^aHHbie fljia MHoacecTBeHHocTH h nonepeHHoro HMnyjibca Gbijih B3H- 
tm H3 pa6oT [20, 21]: 

(p t ) = 0.413 - 0.0171 In s + 0.00143 In 2 s, (26) 

^L=o = 0.815 -s - 10671 . (27) 
di] 

^pyrne napaivieTpbi Mo^ejin BbiGnpajincb cjie^yiomnM o6pa30M: ^jih r max ~ 0.2 — 0.3cpM 
OTHonieHHe r max /ro BbiGnpajiocb paBHbiM 0.5; KOHCTaHTa as BbiGnpajiacb ,zyiH HaHjiynuiero 
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omicaHHa 3&bhchmocth MHoacecTBeHHOCTH ot 3HeprHH. Pa/xnyc CTpyHbi r str = 0.3(pM coot- 
BeTCTByeT ou,eHKaM [4, 5, 8, 16-18], nojiyneHHbiM npn onncaHHH nonepeHHoro HMnyjibca h 

^ajIBHHX KOppejIHHHH B H^pO-H^epHBIX B3aHMOJj;eHCTBHHX. 

6. nOJIYHEHHHE PE3YJIBTATBI 

Ha pnc. 1 npe^cTaBjieHBi pe3yjibTaTbi pacneTOB h 3KcnepiiMeHTajiBHBie jj;aHHbie cpe/o;- 
Hero nonepeHHoro HMnyjibca h MHoacecTBeHHOCTH 3apH:sceHHbix HacTHib oSpasyiomnxcfl b 

Pp-CTOJIKHOBeHHJIX npH pa3JIHHHbIX SHeprHHX B MO^ejIH CO CJIHHHHeM CTpyH {r s tr = 0.3(pM), 

npn 9tom Hcnojib30BajiHCb cjieflyromne napaMeTpbi: a s = 1.4, /i = 1.02, p = 0.37 TsB/c. 

Kax h b cjiynae 6e3 cjihhhhh [22], 3a cneT nojj;6opa napaMeTpoB (a s ,/i ) yuaeTCH noji- 
HocTbio onncaTb MHOJKecTBeHHocTb 3apji>KeHHbix nacTHi], b ninpoKOM ^nana30He sHepriift, 
o/xHaKo npn jik>6om hx pa3yMHOM Bbi6ope paccHHTaHHbiii pocT nonepenHoro HMnyjibca OKa- 
3biBaeTCH Gojiee MefljiemibiM, neM Ha6jno,naeMbiH b sKcnepuMeHTe. 

Ha pnc. 2 npeflCTaBjieHa nn KoppejiauHOHHaa (pymcuHH, paccHHTaHHasi fljia SHeprHH 
-E = 900 TsB ji,jih pa3^;ejibHbix okoh (—0.8,0), (0,0.8). HejiHHeftHocTb KoppejiHirHOHHoft 
(pyHKi^iiii HMeeT MecTo h b cjiynae oTcyTCTBHH cjihhhhh, o/XHaKo npn BKjnoHeHiiii cjihhhhh 
CTpyH OHa CTaHOBHTCsi CHJibHee. Taxoe noBe^emie KoppejiflHHOHHOft (pyHKHHH Haxo/XHTCH b 
corjiacHH c pacneTaMH sjxpo-smepHbix ctojikhobchhh [4, 23]. 

Ha pnc. 3 noKa3aHbi pe3yjibTaTbi pacneTa p t n KoppejiainiOHHoii (pyHKHHH ,h,jih Tex ace 

6bICTpOTHbIX OKOH. ^Jlfl CpaBHeHHH C SKCnepHMeHTajIbHblMH ^aHHblMH Mbl HCnOJIb30BajIH 
(PtB)n F = V (PtB)n F - K COJKajieHHK), nOKB HMeiOTCH SKCnepHMeHTajIbHbie ^aHHbie TOJIbKO o 
pt-n KOppejIHHHHX B OJXHOM GblCTpOTHOM OKHe, H CpaBHeHHe C npe^CTaBJieHHblMH ,H,aHHbIMH 

hocht HecKOJibKo ycjioBHbiii xapaKTep. B H,ejioM, HMeeTCH KanecTBeHHoe BocnpoH3Be^eHHe 

CpOpMbl KOppejIHHHOHHOH (pyHKHHH . 

^aHHbie no nojiHOMy HeynpyroMy ceHemno He npHBo/XHTCH, Tax xax 3Ta BejiHHHHa Bcer/ra 

CpHKCHpyeTCH. 

7. 3AKJHOHEHHE 

3 aKjuo neHHe . B ^aHHoii pa6oTe npefljioaceHa Mojj,ejib, onucMBaiomaH xapaKTepncTHKH 

IipOTOH-IipOTOHHBIX CTOJIKHOBCHHH npH BblCOKHX 3HeprHHX, KOTOpaH BKJHOHaeT jj;eTajibHoe 
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Mo^ejinpoBaHne napTOHHbix pacnpeflejieHHH; cooTBeTCTByioiiTHe Monre-KapjioBCKHe npou,e- 
^ypBi pa3pa6oTaHBi ,zyiH npoH3BOJibHoro nncjia napTOHOB b a^poHe. 3to no3BOJinjio pa3pa- 
6oTaTB ajiropHTM cjihjihhh CTpyH b nonepenHoft njiocKocrn c yneTOM hx KOHenHon npoTS- 
>KeHHOCTH no GbicTpoTe. B paMKax SToro MexaHH3Ma Haft^eHO Bjinsmne scpcpeKTOB cjihjihhji 
CTpyH Ha ,n;ajibHHe no GbicTpoTe KoppejiHirnn Meac^y MHOJKecTBeHHOCTHMH 3apa:>KeHHbix na- 
cthi];, a Taioice MeyKpy MHoacecTBeHHocTbio n cpe^HHM nonepenHBiM HMnyjibcoM. 

B pe3yjiBTaTe noKa3aHO, hto npn ncnojib30BaHHH o6nienpnHHToro 3HaneHHS pa^nyca 
CTpyHbi 0.3cpM paccnHTaHHBiH pocT cpe^Hero nonepenHoro HMnyjibca c SHeprnefl OKa3bi- 
BaeTCH MeHBnie sKcnepnMeHTajiBHo Ha6jno,naeMoro. Bo3mo5kho, sto cBH3aHo c TeM, hto Ha 
pocT nonepenHoro HMnyjibca npn Gojiee bbicokhx SHeprnnx HannHaioT OKa3BiBaTB BjiHHHne n 
^pyrne MexaHH3MBi, Taxne k&k BKjia,n; jkcctkhx npon,eccoB. YBejiKneHHe pa^nyca CTpyHbi ,n;o 
0.4cpM ^ojijkho yjiynniHTb KOJinnecTBeHHoe onncaHne yBejinneHHH nonepenHoro HMnyjibca, 

O^HaKO 9TO MOJKeT npOTHBOpeHHTb ^aHHblM no H^pO-H^epHblM CTOJIKHOBeHHSIM [4, 7]. 

B ^ajibHeflnieM, b paMKax npe^JioxceHHOH Mo^ejin Taxxce njiaHnpyeTCJi H3ynaTb 3aBH- 
CHMOCTb xapaKTepncTHK ot ninpnHbi h KOHCpnrypaiTnn 6bicTpoTHbix okoh. AjiropnTMbi, 
npe^;jio>KeHHbie b ^aHHoft pa6oTe, MoryT 6biTb npHMeHeHbi k onncaHHio HyKjioH-HyKjioHHbix 

CTOJIKHOBeHHH npH H3yneHHH CTOJIKHOBeHHH THJKejIBIX HOHOB. 
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MODELLING OF EXCLUSIVE PARTON DISTRIBUTIONS 
AND LONG-RANGE RAPIDITY CORRELATIONS FOR PP 
COLLISIONS AT THE LHC ENERGY. 

V. Kovalenko 

Soft pp interactions are considered in the framework of phenomenological model with 
color strings formation. Under the assumption that elementary collision is realized as 
interaction of two color dipoles for the parameters fixing the total inelastic cross section 
and multiplicity of the charged particles are estimated. The special attention is given to 
modeling of exclusive parton distributions taking into account the energy conservation 
and fixing of mass center that is necessary for the description of correlations, corre- 
sponding Monte-Carlo procedures are developed for arbitrary number of partons in a 
hadron. The string fusion algorithm in a cross-section plane is developed taking into 
account the finite rapidity width of strings. In this framework the influence of string 
fusion effects on long-range correlations of charged particles estimated. The proposed 
algorithms are planned to use for studying of heavy ion collisions. 
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Phc. 1. MHOJKecTBeHHOCTb h cpeflHiiii nonepeHHbiil iiMnyjitc 3apa»ceHHHx HacTiin,. 




Phc. 2. nn KoppejiHipiOHHaH cpyHKi^HH npii SHepriiii E = 900r3B, bh- 
HecjieHnaa: b flaHHOft pa6oTe pjisi 6biCTpoTHbix okoh (— 0.8;0) ii (0.0; 0.8). 
KpecTHKaMH noKa3aHa nn KoppejiHijiiH 6e3 yneTa scpcpeKTa cjihhhhh erpyn. 
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Phc. 3. Koppejiau;HOHHaH (pyHKipiH flajitmix p t n Koppejiau;nH, BbiHecjieHHaa b jx&wkotz pa6oTe (cjie- 
Ba), fljia 6biCTpoTHBix okoh (— 0.8; 0) h (0.0; 0.8); SKcnepHMeHTajibHbie flanHtie (cnpaBa) npii 3Hep- 
riiii E = 900r3B [24]. KpecTHKaMH noKa3aHa p t n Koppejiarpia 6e3 yneTa acpepeicra cjihhhhh CTpyn. 



